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(57) Abstract: There is provided a voltage-current conversion circuit capable of changing the gain in a wide range by giving ad- 
justment voltage to one control terminal without requiring a switch circuit. The voltage-current conversion circuit includes parallel 
vg circuits of tomsistors Q3 and Q4 functioning as positive resistors Rl, R2 and negative resistors connected in series with respect to 



transistors Ql and Q2 performing voltage-current conversion. A variable voltage source W is connected between the transistore Q3 
Q4 and a grounding terminal and by controlling its voltage value, the resistance values of the transistors Q3 and Q4 are controlled' 
When voltage of the variable voltage source W is changed, the resistance values of the transistors Q3 and Q4 are changed which 
in turn changes the gate-source voltage of the transistors Ql and Q2, thereby changing the gm value (interactive conductance) of the 
voltage-current conversion circuit. 
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RM<ft*LT (~R NR ) ^A-r5^^T'#^tt, ^ (6) <D£?\z.t£Z> 0 



Gm = gm 0 ... (6 ) 

1 ~ *V 



5 (b) tt, 5$ (6) ^^V^TAtt^gfe^NR^^i^:{^tR NR ^^$^i : t 



^7 7tfc5 
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Sfctett, HI 5 (b) }C*3VNTH^5 0 ?tc N ffifetffltR NR Sr 0 d^fc 



^>-^^ N MESg{FET&^Ito1igIbi^£fflV^r £ ^-C#5o 



0!l*.Hf> Ell (a) ^t"Hl<^HJgM{C^5mjEE-m?S 




^It^-e^ (R NR =l/gm 0 ilt), ^S=^^*^;*GmteMl£;fcO#J-£ 
-e^b$-«:5rtaST?#S 0 -tLb^^fcfilEORr^^^, MOSFET 

*7b % ±IS©Hl7I?M^4^ife^J(c*5V'>T, ALE— «&ft2£tfeSr?T5 2{@Ofg 



3 6 (a) f± % ^PJom5^JfeM^5llJBE-m»milIgS<?D|lISSl|-efe 



^5 o^»ii{e:#§mffi-m»miiijiS«, siE-mwmsrfT ? mmm^t 

UOniMOSFETh7^^Ql, Q2h nlMOSFETf7^ 
nMMOSFET h7^^Ql fciEfittR UOjfiRff^niMOSFE 
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Wtfvm&n.s Attg^^iMts x© n iMo s f e t hv^i?*? 

nMMOSFET h7^^Q3(i, nlMOSFET hy^^Q 2 ^ 
k^MtWMfctgmtStltcSf— hts nlMOSFET ^y^^ 

q 1 1 lEntfiR 1 1 <nmwtM&icmm & titc k w ^ ^ , ^w^em v v }; 

nlMOSFETh7^^Q4(j:, nlMOSFETf7y^^QU 

iess^r i t<D^mrnm^mm^titc^-ht, niMosFETf7y^^ 

nMMO SFETb7 * Q 1 , Q 2 tel^lM X£#LT*5 <Q , 

^h(CA73mffiff-§-Vi n+, Vin-^lt x ttl^«^I out+, Iou 

R2MniMOSFETh7y^i?Q3 N Q4liitnlMOSFET hv 
^**Q1, Q2(Dy^t^^«f{^l$^>5 0 

-To 

-««*iJMHl»te*3»t 5 A*SfeStfi:NR AS niMO SFET h7>^^Q3t' 
**#t*:«lrtfc«rCfc«©Tf, R N8 =l/gm Q3 |^^ 5o t£ oT> 

W^Smffi-m^m^^gS^^^^^Gmte (Gm= (Iout + 
-Iout-) / (Vin+-Vin-)) ^ (i) ORfCfttt, 1/ (l 
/R R1 -gm Q3 ) £rttAL;fc:fc0>K:3feij % T<05£ (7) T^e£tL<5 0 
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Gm 1 

1 -S m o ---(7) 



1 + 



1 gm o 



R gm Q3 
iV Rl 



55 (7) fclfe^T, R R1 W\ E^RlXtfR 2 jj*U gm Q3 te N 

n IMO SFETh7y^^Q3 &t>*Q 4 ©lila * ^ g m fc&^ U 

gm 0 « N nlMOSFET h7y^^QlMQ20|gSa^^yxg 

JilBOiS (7) ^feWfc*»T**>«J:5fc % nlMOSFETh7y^Q3 
^^"^ ttla^m^GmlSrO^t, (gm 0 / (l + gm 0 -R 

R1 )) 4«k$-&5ri:^ t ^5 0 -J-fcfri-,. *^(^5UE-1M1 

MOSFETf7^^Q3 £tJ*Q 4 OftSa^^r * ^ g m Q8 offlfl 
tt, Gml^y- h . y-^MWBEVgstCJtMUT^b-t-SriSrSpJfflUT, fT 
5o n!MOSFETf7^^Q3MQ4©^h.y^ 
OWE Vgs £ N n §JMO SFEThy^^Q3 &tfQ 4 ©# y 

tt^BT^«JEagivv©«EEffi:Srg5x.5rt{c«fct), fMflW-5 0 

Q 3 JfctfQ 4 ©fcSa * is* g mQ3 o^±^ 1 /R R x * fc* J; $ te% n 

iMOSFETh7^Q3, Q 4*KWbT*!lttf, WflJEIVVO 

nlMO SFETF7 * Q 3 &t>*Q 4 © K W t % 

{-> niMOSFET ^ ^^^^Q 4 ©*BS=^^ ^ ^ gniQ3 tt 

ttO^fegmo/ (1+R R1 • gm 0 ) *waEi*5. i-fcfrf^ MPS^fij^ 



WO 2004/077666 PCT/JP2004/000337 

21 

X^temfim^f- 1 LTiitSnlMOSFET h y Z/^?^. $ Q 3$Ll)*Q 4 

mttflHa^J^ff SlrfrAt) Ztl&o nlMO S F E T h y ^Z?X?Q 5 OAA 

niMOSFET h7^^^Q 5&W>BiMk LT^tM-f"S 0 nlMO S F E 
T h 7 y ^ Q 5 © K 1/^ y tfe^t^T >'7°OA(Df2A^ffii 1 ( + 
fcg$fcU ^7y7 B OAWfflM^nSMOSFET h7^^Q5©^- 

Siil&^r n IMO S F E T b 7 ^ Q 5 O K K i/ffi -tt£t>% s n 

imo sfetf7 ? q 3 &ifq 4 <o y-y^mm^x. z> rtm^, 

nSMOSFET hv^XfQ 3MQ4 f^StcMSb^fJlWlf^-t-S 
nlMOSFET h 7 >^7, ^ Q 5 O K ^ 



» 6 ^^»j^#smjE-««mini{E§«> m 6 ^ ufcig 5 ©nwjtc^s 

Iff-m»^HHS&^«^i:Jt^bT, plMOSFETh^V^^QB, Q 

plMOSFET h9^^^^Q6<Dy—^i^ nlMOSFET b7>i?X 
*Q 1 (Dy— XblE-t&tfZR 1 t nlMOSFET ^7y^^Q3© KK^i: 
niMOSFETh7^^Q4^hfc^^ plMOSFET hz? 
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7^^Q7©y-^lt nlMOSFET h =7 ft?* ? Q 2 <D V — ^lEWffi 
R2 HIMOSFET h7^^Q4^KKyi:nlMOSFET 
^^Q3©^- McgaK§tb N plMOSFET h y ? Q 7 0>$*— 

VVcDflffiitt^-fl^-frS nlMOSFETf7>^^Q3\ 
-C^fCl^^tfiil^^^^tiU, nlMOSFETf7^^Ql, Q2tf) 
y— ^m^^^ki-^o nlMOSFET b7^^Q lTO20||Iny 
^^y^gmli^-b . y— *|HJ«flEVgs ^JtMUT^b-t-§fcJe>, 5£(7) 
KHV^nlMO S FET h7^^Q lM'Q 2^S3y^7^y^ gm 

S FET h7^i?Q lWQ2©te3^^^ gm 0 ^it(i!!c 
fc, mffi^t^^oT^ #MOSFET h^V^^^tefdHUK-eibf^-t-Spr 

^tb{CxtL-C N :fc^ife0!lfc:*5VvcW\ plMOSFETb7y^^Q6M 
Q7^nlMOSFET h 7 ^ Q' 1 &t>'Q 2 O ^it, 

plMOSFET K^^^QeWQ?©^- Helta, ^ T*W& 1 
fife bfc Bl^mHMV VOWEflfrcfctofc Ufc^W T^mjBESr#*B-f5 £ £ i£<fc 9 , 
MbLfcil»«^«:ffi0tLTV^ o £.;h,te:«fc»J % nlMOSFET hyy^^S? 

&<9, nlMOSFET h 9 * Q 1 &TJ?Q 2 GDf@Sl=i * ^ g m 0 



HI 9 ^1-«fc 5 ^Vr^Ettltt, MiH plMOSFETf7y^ 
^Q8^ niMOSFETh7^^Q3ai, nlMOSFETh7^ 
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**Qla£ x jEjg£rCRla£, *!&MEEMVV a b s ^SffilVSt, l)*bm 

plMOSFET h7^^Q80y>-ht KK^tiiffiH^fbtfe^ 
hXVKW^t4/^T^|lII6l©W^7«^Fl AMnlMOSFET h*7 
>^^Q3 a ©y- *fciftft£jh/TV'*5. nlMOSFET h7^^Q3 

^^Ql a .klEffiiTLR 1 a t (Dmffiffi&fc&ffiZtiX^Zo W^ifflVVa 
li-tol^niMOSFET h7^^Q3 a<DKWVCi^^ -ftfe 
SSic:*3V>T^$^bTV>5 0 nSMOSFET h7^^Ql aO^hfit 
mJEMVSte:^^$*K y-7(inlMOSFET h7^^^Q3 a <Dff— h 
^t^EiefciR 1 a \Z.&Wi&flX\^ 0 lE^g^R 1 a te— #ftf;:;ioV^n§JMO S F 
ET h7^^Q3 a 0<7*— hWnlMOSFET f7V^^Ql a <DV 

^-TT^lUS&l tMSnSMOSFET h7^^Ql a, nlMOSF 
E T h 7 is*?* * Q 3 a % lEjgjfiR 1 a &OT^mj£M VV a tt, 18 fcTjk Lfc 
^6 <D^»J^5ttBE-«^^^[Uii§(3i*5tt^ niMO S F E T h y 1/%?*? 
Ql, nlMOSFETh7^^Q3 N ZE^fetR 1 &Tj«l^mrav VKM 
J^bT*5 9 , n^MO S F E T h y ^^Q3 a©KW 
WfkiWit. n IMO S F E T h 7 ^^71;? Q 3 (D^tli P-t*fc5 0 

nlMOSFETh7^7^Qla©^ffc|i, mflEM^ (Vin+-V 
in-) /2<Dfemj£MVS7!>mWt&nT\,^Z> 0 

<?—h- K K y^§fSi Ufc p IMO S F E T h^y^^QSOy-^fj: 
niMOSFET h7^7^Q3 a K W >-^^^^T*3 <0 , ^-7*- f> 
n SMO SFETh7^7^Q6 &t)?Q 7 h ^mUiStlZsU 

£ n MMO SFETf 7 * Q 3 % Q 4 «*VSm»^b-f- £ 0 - ^ t # % 

^SffiiHV V a (^ItEEiitt^l-^fcJ?), nlMO SFET h7^7s^Q3, 
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Q4©l^kMniMOSFET h^Z/itxfiQ 3 a ©fMftSfcfba , te % 
T> p MMO S F E T b 7 y ^ Q 8 ^l«^{^^$tl5o 

p!MOSFETh7^^Q8i plMOSFET b^^**Q6, Q 
7 ite#l^h^H^&£«/&LTV^fc#> N nlMOSFET h^V^** 
Q3 S Q4«l«^(j:plMOSFET h7^^Q6, Q7^Un 
IMO S F E T f 7 y ^ Q 3 a t^i : i l^^ 0 ^ot, Rf&fflE 

MVV*mk£l£Xh, n!MOSFETh7^^Ql s Q2fcffihZ>mffi, 
^mt^^^Xo^-T^^t^X^, niMOSFETh7^^Ql, Q 
2<Dy— ^d^f & k tf-zsmfcti: <0 , nlMOSFET hyl^V' 

(fg7<a|fe!fe#|) 
thX\s^Z> 0 

lE^RS^, nlMOSFETh7^^Ql©y^i, IE»lR 1 t 
nMMOSFET F7>^^Q3©KW ^tfniMOSFET h 7 y ^ 

R4te s nlMOSFETb7^^Q2©y^^ Ejgfci R 2 £ n SiM O 
S FET h7^^Q40KW ^WniMOSFET h7^7^Q3© 

b ^o^tf^N 2 t(Dm^umz.^^tix\^^ 0 

^Xh Z n IMO SFETh7 V * Q 3 &t>*Q 4 <D K ^{3, ^tL^tb, 
nlMO S F E T b 7 y ^ Q 1 O y-^ t iEjgfetR 1 i ©»MD«nI 
MO S F E T h 7 IsV* ?Q2<Dy-*k lESS^R 2 t OS^AlClttK $ *LT 
V^tf*. #^J£W;i;fc^Tte, ^Itjg^K'fcSnlMOSFET h7^ 
* Q 3 &U*Q 4©KW ^«^^-etU±3t^^^^ N 1 Ru t N 2 £»^*LT 
V>5 0 
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3«>imm*R tL ,'v*rbs *hi)<dr\ck*.x. r R3 +i/ (i/R Rrgm 
mm^\mtm^(D9j}^mhti^^, iiimosfet h^y^^Qi, Q2 

8 (D^lfaM 



-m«mtEl{^0^ b itm tt, A^jg^^. <*: ItOnlMO S F E T 
h7^^Q3, Q 4 Cftit, plMOSFETh7^^Q9MQl 

ni6 tm~(Dmmmm^i^ m-<D^mn^n^tix\^^ 0 

ZbtfX%& 0 

mTls7X*foZ> 0 ^(Dtz#) s m 1 2fc:fc5Vvr N HI 6 b IH— <Dffif$^mzfe, |U— 



^ N R <D#tJ&tf o T V ^ 
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nlMO SFETh7 ^ Q 1 h LTA^WiHs-^V i n £ 

SW\ WMil outSrW^tS, nlMOS FET h 7 Q 1 (DV — 

* ^ies^c r i m$Wvmni Kw$i £ tux v n & 0 

Wtfm&fe, ^ti^if T'fcS nlMO S F E T h 7 y Q 3 i N 

niMOSFET h7>i?*&Q3<D KWVftnlMOSFET ^7^ 

^^tb, y-^«"sr^mffiasvv(z:^$tb, y inv© 

{itSK^tll^I NVOAMfttnlMOSFET h7^^Q3©KW 
y^nlMOSFET h7^^Q 1 <D V - 7 t ZE^fctR 1 ^O^^f^ 

A14®ffi^^fe£nI!{MOSFET h 7 y^^Q3C^- M-te N n^M 
OS FET h7^^Q 3<D KW V©«jBEft#&titfBKte0l& INVIUo 

HI 1 3 ttffiftKtelHlBS I NV©- ^J©HIJ^0T?S>So 

#tfBKte®J& I NVtt, IU1 3{£^i-<fc5K^ plMOSFETb7^^ 
Q11 N Q13^nlMOSFETh7^^Q12, QlZtfrbffii&Zfl 

plMOSFET h7^^Ql 1 infMOSFET h7^^Ql 2 
£#^>v*— plMOSFET h7^^Ql 3 inlMOSF 
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MOSFET h7^^Q3©KW^i©JttWjiS©DC/V7^tti«L 

nMMO SFETh7 9 Q 3 ©AttJSJflfitt, BT^«flEag[V V05«Effi 

SrWUPb, nSMOSFET hy^^QS^y^-^ MW*jBE&3£fb£ 

(110 CO^Jfe^J) 

EJgtfcRl, lE^to WfcigffiR 5 , R 6 #/Bl>e>*l/0>5 0 



a i 5 w&iEasKR 5, R6 <D—&i<Dm&mT*hz> 0 

TTOEttttR 5 , R6lt flfctf , jESftR 7 N jQStfcR 7 kUfcaifc&flkS 
niMOSFEThy^Ql 5 tt, LTJBV^fca&lc, Vg s 

>vd s+vth (vgsit y-h • y-^m«E, vd ittKwv. 

*IW«£E, V t hliniMOS FET h7^^Q 1 5 (DMi&MJZ) kftZft 
*«*fc*5V vOB^ n 1MO SFETh 7 * Q 1 5 ©ftttfctt, 

TO3E*ttR5* R6tt % ^-h- KWVMtffllUnaMOS 

FET h7^^Ql 6 £ N -ffim^nlMOSFET h^^^^Ql 
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MOS FET h7^^Ql 6©y— h- V— xmW£*&4k£lt Z> Z. t {d<t 
IH 1 4 ^•r^^»J^?.«ff-m«^IllS§^*5V>T», nlMO S F E 

(^11 OHJSM) ' 



O^^UTV^o £<Dfc#>, HIl 7{C*3V^T, HI6 (D^^^f^ 
(112 (^lHJfrN) 

fc3v>te % sgi 2<D^wj^#s«iE-m«^iiiss« > mi 7i^ifc$i i 

ift^'d^-CV^o ]E}&37tR3tenMMOSFET f7^^Ql©y-7in 
IMOSFET f^7^^Q3©KW ^WniMOSFET hyy^^ 
Q 4 tf)^— h t (Dmz.\M.mK&m.iS^ lEi&fciR 4 «niMO SFETh7^ 



WO 2004/077666 



PCT/JP2004/000337 



29 



7^Q2©y-^i:nlMOS FET h 7 Vv 5 ^ ^ Q 4 CO Kl-^-Y XSLTJ^n^MO 

s f e t h 9 ^ q 3 <d?- h t vr^mi^mmzthx^z, me, 

5«BE-WfcS61ft|lIKi:|Bi— ©flH6Sr^rbTV>«. ;i<S>fc#\ HI 1 8 tc^T, 



RtettfcT, (R R3 -l/gm Q3 ) SrttALfcte^fcSo 

Ql, Q 2 O y-^ i AttfigtNR t OMlCjE^tR 3 , R4«^5^i: 

(in ©njfe^j) 



Ell 9fi,*3SW©|gl 3©^lfe^fcfilS«E-«^ifeiHiK0DlHllSig-cfcSo 

Q2, Q3, Q4mt, npnI^^7h7y^?Bl, 

SI (7) g m Q3 fW ^7 h 7 y B 3 O g mf T'fcS g m B3 k 
#3felfe0!l »c« 5 ®flE - m«miHl^ t£ £ o T t> N 05 Ogs Jfrfcl 



^JfSMte&V^T, U^MOSFET H^^^^lJl'ft^.T, 

(01 4 tf)H;&fe#iJ) 



3 2 Ol^*^oll 4©^E»«Kl«*«BE-««E^ 1 HlJ&flD|ElKB|-ej > 5 i 
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1 4 0£dMtcffisttBE-m£gugiigtt % m i ^ intern i (Dmmm^m 

^ n lMOSFET h y ^Vx? Q 1 <r>y<- x bJE&tfiR 1 b <D&8ffi 

hub 5 ®je - m hi & £ in — (Dm^ % & u t v n s o 



(115 <0gl!fe0!l) 



HI 2 1 (a) tt.^Ko^l 5 0HJfeMi^5 7^^|lIKO|eIKST?fcS 
HI 2 1 (a) tdj^-f 7-fy^lHlKtt % Hl75MH4®ffi-«^ 



1 mffi-mdlE^miHlSSGm! ©Zo©m^«^©#-«r 2Ui-l^! 
£E - G m 3 £ £ 4 mil - ttftE£&|H£ G m 4 £ fi^ij fcttft £ ftr 



l7bmM4nm-nffi9mmtikGm l> Gm 2 , Gm 3> Gm 4 <D&*KteeSm 
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=f- ID te KM 2 o^*^ c a *s»Btt * ixt v ^ s . 

2 1 (b) tt»l^S»4«BE-««ESKft|gI||Gm 1 , Gm 2N Gm 3s 
Gm 2 , Gm 3l Gm 4 0#* {30 6 iC^L7cH 5 0>MKW\Ztik&WE— 



Gm 



Gm 



F(s) = 



|2 + 



gm 



gm, 



s + 



s m 3 ; g m zi 



c 



i 



c 



(8) 



■^*«BE*VV*»fett|&$tLS«BESr«!|«lUT, ft 1 ttMft 4 WE-fc^ 
HHfcGm^ Gm 2 , Gm 3 , Gm 4 *>£*|#«: A{£-T5 £ , -£B*H»W:£*T©5*;| 



A'gm^A » gm r 



gm 1 • gm^ 



s 2 + 



A-gm 2 + A-gm 3 -A • gm^ 
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12. 
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gm. 



-V— 

aJ c 



. _JL + gm 3 * gm 4 



±m<Dmtcfmmmm^ ycKD^mmmrnvx, mmm^m^xAm^^r 

So %Mt2 2itt3; (8) W*n5fi*BB»fc^j©t-*^»-«tt»Wft-e*, 



* (8) ^**t««H»jcJ:s^|WgWoAffipicii«*nTV^*. 

£MlJ«Gxii t% Gm 2x Gm 3 , Gm 4 *LTtt, H6fc*W 
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5 (DmMMKtfk 



WO 2004/077666 



PCT/JP2004/000337 



32 

4 fete, * 1 7!/M^4«jE-®«miIl^Gm 1> Gm 2 , Gm 3 , Gm 4 i LT, 



5 03»kM(z:«S«S-«ME»||gIM«: % *2«E-«««*|iij»Gm a i LT 
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tiit^^^^ fi^yTTsa©-^/^**- K»iio«i^«<)ri 
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b & z> h <d x & 5 r ^ t -r % m^nmrnw, i mismm 3 v 



5 . HlIIB^giTLdlSSfi, 



WO 2004/077666 



PCT/JP2004/000337 



34 

warn* t &mmm* t ^m^mm^rngt £ tiitm—amm* e> & ^ m 
m^-mwim^-\^m.n\z.mw. intern i (DWmm^ t , 

* * £ £ ?> mj&£tiz> - 1 £#tsc<t-r 5 flotsam i 7 ^ovN-rtt^ 
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